The tissue expression patterns of 10 mouse testis cDNAs were analysed by RT-PCR to search for new mammalian meiotic genes. The homologue of the rat synaptonemal complex protein gene SCP1 is expressed in embryonic ovary, adult brain and testis. One novel gene is stringently testis specific and another is expressed exclusively in testis and embryonic ovary. The latter clone is not expressed in the testes of adult sex-reversed mice which lack germ cells, and therefore represents a meiosis-specific gene. It is part of a mouse multigene family, members of which are clustered and map genetically and physically to a single region of the X chromosome. We have named this family Ott (ovary testis transcribed). Steady-state levels of a 2.3 kb polyadenylated Ott mRNA are high throughout meiotic prophase in the testis when the X chromosome is generally transcriptionally inactive. A second transcript of 1 kb is also detectable from 4 weeks of age onwards. The two mRNAs have different 3′ ends and contain different protein coding information. At least seven Ott genes are transcribed specifically during meiosis and are predicted to encode 'pioneer' proteins with an unusual structure, containing tandem arrays of a degenerate eight amino acid repeat. This work could lead to the identification of a human Ott homologue, which is likely to be X-linked and would provide a candidate locus for some cases of male infertility.
INTRODUCTION
The process of meiosis is common to sexually reproducing organisms and consists of a series of steps which include DNA replication, pairing and recombination of homologous chromosomes, with two successive rounds of chromosome segregation. Many yeast meiotic mutants have been isolated and there are estimated to be at least 100 meiotically induced genes in Saccharomyces cerevisiae (1) . Approximately 30 such genes, specifically expressed during meiosis and required for each step of the process, have been cloned. In mammals, defects in meiosis-specific genes might be expected to cause medically important problems such as aneuploidy, the main cause of pregnancy loss in humans, and infertility, which affects up to 10% of all couples. However, few mammalian meiosis-specific genes have been described. Those that have include components of the synaptonemal complex, a structure involved in pairing homologous chromosomes (2, 3) and the XY body (4) .
Several spermatogenesis genes are located on the mammalian Y chromosome, and deletions of specific regions of the Y can lead to sterility. If a meiotic gene is located on the X chromosome it could also be involved in some cases of male infertility. From the pachytene stage of male meiosis onwards, the X and Y chromosomes are condensed into the XY body and are thought to be transcriptionally inactive (reviewed in 5). In contrast, during female meiosis, the two X chromosomes pair and participate in recombination over their entire length and both are transcriptionally active (reviewed in 6). However, mechanisms exist to ensure that products from X-linked genes are present when required in the testis. Control of gene expression in the testis is complex, and differential splicing, alternative polyadenylation and translational control by mRNA storage have all been described. The 3′-untranslated region (3′ UTR) is important in mediating some of these effects (reviewed in 7).
We have attempted to isolate new mammalian meiosis-specific genes by analysis of a collection of cDNAs obtained from prepubertal mouse testis via a simple clone selection and sequencing approach (8) . Our initial criterion to select candidate genes was based on the assumption that many spermatogenic genes will be active only in the testis and many meiotic genes expressed only in germ cells, although this will exclude those genes which show biologically irrelevant expression in other tissues or have multiple functions. Analysis of expression has also been used by others to focus on promising clones (9) (10) (11) . This is important in view of the large number of novel testis cDNAs of unknown function which have been described recently in both mouse (8, 11, 12) and man (13, 14) . The huge recent increase in the number of database entries is due mainly to expressed sequence tags (ESTs) from somatic cells. If a testis clone is still novel this therefore increases the likelihood that it has a restricted pattern of expression.
Northern blot analysis showed that nearly half of the novel clones from our collection which could be assessed were testis-specific in their expression (8) . To extend this work, the more sensitive technique of RT-PCR was used to determine the pattern of expression of some of these genes in mouse embryonic and adult tissues. Clone f252 from our collection (8) , the initial single-pass sequence of which is 94% identical to the rat synaptonemal complex protein SCP1, provides a meiosis-specific standard for expression *To whom correspondence should be addressed analyses. Analyses of four clones with similarity to genes involved in chromosome function, one clone with similarity to a mouse testis-specific RNA and five new sequences, all of which are testis-specific by northern blotting, are described here. One of the novel clones has an expression pattern which is apparently meiosis-specific. Structural and functional analyses of the X-linked multigene family from which this clone derives are presented.
RESULTS

Choice of clones
Some of the genes required for meiosis in mammals should show a highly specific pattern of expression, as is the case for many yeast meiotic genes. Ten clones with an adult mouse testis-positive, brain-and kidney-negative pattern of expression by Northern blotting (8) were therefore analysed in more detail by RT-PCR. Four clones have similarity to proteins with functions which may be important in meiosis, one (b096) has similarity to a previously identified testis-specific RNA and, at the start of this analysis, five clones had no significant database match (Table 1 ). In summary, clone a005 is similar to the protein kinase encoded by the S.cerevisiae checkpoint gene BUB1 (15) . The predicted protein from clone b080 matches the RNP consensus sequences RNP-1 and RNP-2 within an RNA recognition motif (16) , with the top score the Drosophila melanogaster RNA binding protein La/SS-B (17) . Rat and human ESTs with high similarity to the b080 DNA sequence have been reported recently. Clone f226 has several partially overlapping regions of high similarity to the 3′ UTR of the hamster RCC1 (regulator of chromosome condensation) gene (18) and a weak match to the 3′ end of the human RCC1 gene. Clone f252 is the mouse homologue (Sycp1) of the rat gene encoding the synaptonemal complex protein SCP1 (19) . Longer and more accurate DNA sequences than the previous single-pass data were obtained for all 10 clones.
Identification of meiosis-specific genes by RT-PCR
Northern blotting is relatively insensitive and requires large numbers of cells. RT-PCR is a more appropriate technique to assay expression in a wide variety of tissues and to analyse the small quantity of RNA available from embryonic ovary, which is where the early stages of meiosis occur in females. Thirty cycles of PCR amplification were performed, which means the reaction is no longer increasing exponentially. Primers for a ubiquitously expressed ribosomal protein were used as an internal control (Materials and Methods). The 10 clones pre-selected by northern blotting are expressed at high and broadly equivalent levels in testis. If, under the same conditions, the adult testis sample is strongly positive for the gene under analysis and another tissue is negative, while the control primers give a signal in all samples, it is reasonable to conclude that the gene is either not expressed in that tissue or is expressed at an extremely low level. The primer pairs used for RT-PCR are listed in Table 1 and the results summarized in Table 2 . In most cases, mRNAs corresponding to the clones are expressed in a wide variety of embryonic and adult tissues, often including brain and kidney even though these were negative by northern blotting, demonstrating the greater sensitivity of RT-PCR. These genes may have important functions in meiosis but, because of their widespread expression, were not studied further. In contrast, clone b096 is only expressed in adult testis ( Table 2 ). This clone has some sequence similarity to another testis-specific mRNA of unknown function from the mouse t-complex, pBs6.2 (20) . The region of alignment is likely to be in the 3′ UTR, as both sequences have stop codons in all three frames. This may represent a motif involved in some aspect of transcriptional or post-transcriptional regulation peculiar to the testis. Expression of the meiotic gene Sycp1 can be detected in adult brain in addition to 18.5 day embryo ovary and adult testis ( Table 2) . Low levels are detectable in 18.5 day embryo testis and increase throughout the first cycle of meiosis until the time at which the synaptonemal complex is formed. The ovary expression is predicted for a component of the synaptonemal complex but has not been demonstrated previously. The brain expression is not apparent by Northern analysis and there are several reports of otherwise testis-specific genes being expressed at low levels in brain [e.g. (10)] but it is not clear whether this is functionally significant. Expression in brain is therefore not a good criterion for scoring a gene as non-meiotic. Clone b013 is only expressed in brain and testis, therefore, like b096, may be involved in spermatogenesis rather than meiosis. Finally, clone d030 is expressed exclusively in embryonic ovary and in testis and is a candidate meiosis-specific gene (Fig. 1A) .
Although d030 is apparently meiosis-specific, adult testis contains a variety of somatic and germ cell types. The expression pattern in Sxr (sex-reversed) mice was therefore assayed. These mice have a fragment of the short arm of the Y chromosome containing the testis-determining gene Sry attached to the X chromosome. XXSxrb mice have an internal deletion of the Y fragment compared with XXSxra (21) . Both mutants develop as males, but with testes which lack germ cells from a few days after birth, apart from occasional patches which have an XSxrO genotype. RT-PCR on testes from sex-reversed and normal mice is shown in Figure 1B . There is expression of d030 in normal testes (lanes 3-8), but not in either sex-reversed sample (lanes 9 and 10), whereas the ribosomal protein S16 is expressed whether germ cells are present or not. Taken together, these data suggest d030 represents a meiosis-specific gene, which is either expressed directly in germ cells during meiosis or is dependent on germ cells for its expression. This gene has been named Ott, for ovary testis transcribed.
Time course of expression
Northern analysis indicates that the Ott cDNA hybridizes to two mRNAs in adult testis, of 2.3 and 1.0 kb. Both size classes are present in poly(A)-selected adult testis RNA (data not shown). RT-PCR detects Ott expression throughout prophase of the first male meiotic cycle from 6 to 16 days after birth (Fig. 1B) . RNA samples throughout testis development were also analysed by Northern blotting, to measure the steady-state level of each RNA species. Spermatogenesis occurs as a synchronized wave, so that at any given time in the first cycle the types of cell present are known. Figure 2A , track 7, shows the two classes of hybridizing RNAs in adult mouse testis. Neither is detectable in adult ovary (lane 1) or brain (lane 8). Meiosis I in the female occurs during embryogenesis, so the lack of expression in adult ovary would be predicted for a meiosis-specific gene. The Ott primers also fail to detect expression in adult ovary by RT-PCR (data not shown). The heterogeneity in the observed testis signal is due, in part, to mRNAs with different numbers of repeat motifs (see below). The smaller RNA is absent from the 8-, 14-and 20-day-old testis samples, weakly present at 28-day (lane 5) and strongly in 35-day-old testis (lane 6). In contrast, the larger RNA slowly declines from the 8 day level towards adulthood. Approximately equal amounts of RNA were loaded in each track, as shown by the S16 ribosomal protein control (Fig. 2B) . At 14 days, early and mid-pachytene cells are present, and at day 20 diakinesis/metaphase I has been reached (22) . Round spermatids will be detectable by day 28 and mature sperm by day 35; therefore, the smaller RNA approximately coincides with the appearance of haploid cells.
Analysis of cDNA clones
The northern analysis described above predicts the existence of two classes of cDNA. A 12/13 day and two adult mouse testis cDNA libraries were screened and a set of Ott clones of different insert sizes obtained and sequenced (Materials and Methods). The structure of these clones is summarized in Figure 3 . Clone f442 was identified in the initial set of 306 mouse testis cDNAs (8), a further indication of the high level of Ott gene expression in pre-pubertal testis. Sequence analysis of the clones reveals that the different sized inserts do not simply vary in the length of the 5′ end, as would be expected for different cDNAs derived from the same mRNA. Firstly, two different sites of 3′ end formation exist. The upstream site (I) is only observed in clones from adult testis, which would suggest it is used in the smaller mRNA described above. This was tested by probing northern blots with DNA from downstream of site I. The 1.0 kb species in adult testis RNA does not hybridize (data not shown), confirming that the smaller transcript terminates at a different position to the larger. Site I is not preceded by the conserved AAUAAA hexanucleotide, but a variant AUUAAA is present, and is present but not used in the longer clones. In contrast, the downstream site (II) used in the larger mRNA has the conserved hexanucleotide 14-17 bases from the poly(A) tail in different cDNAs. Interestingly, clones which use site II also contain U-rich elements, an important cleavage site determinant in the mammalian polyadenylation signal (23), 10-30 bases downstream of the point at which cleavage occurs in mRNAs which use site I.
Multiple clones from two different adult testis libraries which use polyadenylation site I all have 5′ ends within a few bases of each other, and are only ∼500 bp in length (Fig. 3) . The sequences are entirely included within the larger cDNAs. The polyadenylated mRNA is 1.0 kb so, assuming a poly(A) tail of ∼200 bases, ∼300 bases of sequence are missing. This sequence may contain a structure which halts first strand cDNA synthesis by reverse transcriptase, but this is difficult to test because no sequence unique to the smaller RNA is available. Interestingly, the smaller message must, from its size, encode a smaller polypeptide. There is no good candidate for a functional initiator methionine within the existing sequence.
All clones have a translational stop codon in the equivalent position, except f442 which consists only of 3′ UTR, and all clones of both size classes contain a continuous open reading frame upstream of this stop. Clone ak27 represents a full-length clone for the larger mRNA, by several criteria. First, the insert size of 2034 bp is in good agreement with the size estimate from northern blots of 2.3 kb which will include ∼200 bases of poly(A) tail. Second, the most 5′ ATG in the sequence is at the start of an open reading frame which begins 77 bases from the 5′ end of the clone. This codon has G residues at the -3 and +4 positions, which is a good context for initiation of translation (24) . Finally, primer extension with primer I725 (Materials and Methods) gives a testis-specific extension product only four bases upstream of the 5′ end of ak27 (data not shown). It is extremely unlikely that an initiator AUG would lie in these four bases adjacent to the cap structure. The complete sequence of ak27 is given in Figure 4 .
Sequence analysis of the collection of clones shows that, in most pairwise comparisons, single and double base substitutions are scattered throughout the coding sequence. In the 3′ UTR, insertions or deletions of nucleotides are also observed. On average, the clones are ∼95% identical and, although most base changes are silent or result in conservative amino acid changes, non-conservative changes also occur. Approximately half of the coding sequence of ak27 (bases 545-1165, Fig. 4 ) consists of tandem duplications of a degenerate 24 bp repeat, coding for eight amino acids. There is non-repetitive coding sequence both 5′ and 3′ of the repetitive region. Neither the DNA nor the predicted protein sequences have any significant similarity to any other gene currently in the databases. The GAP alignment between the polypeptides encoded by clones ak27 and m11 is given in Figure 5 . Conservative and semi-conservative amino acid changes are scattered throughout the alignment and there are two non-conservative differences. The eight amino acid repeats are shown and the two repeats in ak27 which are absent from m11 are the only perfect direct repeats in this clone. The prediction of a gap when comparing clones ak27 and m11 was tested by PCR using primers G322 and G364 (Materials and Methods), derived from the sequence of m11 and which bind either side of the gap. Different sized PCR products corresponding to the predicted 551 and 503 bp are indeed obtained from the two cDNA clones (data not shown). The simplest explanation for these data is that the various different cDNAs represent the products of a multigene family. Differential splicing may contribute to the complexity, but is unlikely to be able to account for so many small and scattered differences in sequence. The existence of a multigene family is supported by analysis of mouse genomic DNA (see below). The number of genes in this family has not been quantified directly, but is likely to be at least seven, from the number of cDNAs of different sequences found in testis libraries. Furthermore, RT-PCR with G322 and G364 shows that at least two different sized transcripts are expressed during female meiosis in the embryonic ovary (data not shown). The clones identified by hybridization under stringent conditions would be expected to be highly similar, and the conditions used in PCR would also detect only closely related sequences. The existence of more degenerate family members with more diverged sequences cannot therefore be excluded. All members of the family illustrated in Figure 3 are positive for the primers used in RT-PCR (with the exception of f442 which is too short). All the corresponding genes are therefore meiosis-specific in their expression.
Genetic mapping
The primers used in RT-PCR, F717/8 (Fig. 3) , do not amplify mouse genomic DNA (data not shown), suggesting that all members of the Ott family contain at least one intron. In contrast, primers G322 and G364 which are respectively within and immediately downstream of the repetitive region give products of two size classes with Mus musculus genomic DNA as template. These correspond approximately by agarose gel electrophoresis to the two products described above for cDNAs ak27 and m11. Mus spretus genomic DNA under the same conditions only produces a product of the smaller size (data not shown). This difference allows genetic mapping in interspecific backcrosses between M.musculus and M.spretus, in the panel of animals backcrossed to M.spretus. PCR of DNA from an initial set of random animals from the EUCIB backcross (25) resulted in the mapping of the G322/G364 marker to the X chromosome. Further analysis of DNA from known recombinant animals (Materials and Methods) allowed fine mapping of the Ott marker between the anchor loci Plp and DXHar2 to a genetic position of 62 cM from the centromeric end (Fig. 6A ). The EUCIB backcross shows significant distortion of the transmission ratio of some X-linked alleles, which could reduce the accuracy of the Ott map position. The Jackson lab backcross (26) was therefore analysed by PCR as above. Of 88 animals which could be scored, the G322/G364 marker shows no recombinants with the DXMit34 marker at 63 cM on the X chromosome, in good agreement with the EUCIB results.
Mapping by fluorescent in situ hybridization (FISH)
The 1.7 kb insert from cDNA m11 (Fig. 3 ) was used as a FISH probe to male mouse embryonic stem (ES) cell chromosomes. This cDNA probe hybridizes to a site on the mouse X chromosome, in bands F1-3 (Fig. 6B) . The single-copy Mecp2 gene, which maps to the central span of the mouse X chromosome (27) , was included as a control. The physical location of the signal given by the Ott cDNA agrees well with the genetic mapping. It is of interest to determine whether all Ott family members map to this region. Genomic clones were obtained by PCR screening of mouse YAC library DNA with primers G322 and G364 (Materials and Methods). The library is divided into 25 pools representing ∼4 equivalents of the mouse genome. Twenty pools were positive, consistent with the presence of a multigene family. Three of the four YACs chosen for analysis give more than one size of PCR product, suggesting that they contain more than one Ott gene, a result confirmed by sequencing (data not shown). This indicates that at least some of the genes in the family are closely linked, but an estimate of the size of the locus would require further detailed analysis.
Plugs of yeast cells containing each of the four YACs were electrophoresed on a pulsed field gel and the regions of the gel containing the YACs cut out. YAC DNA from all four clones was then PCR amplified by a catch-linker procedure, biotin labelled and hybridized to mouse ES cell chromosomes (Materials and Methods). Two of the YACs, 20c4 and 100a4, hybridize only to a site on the X chromosome, in band F (Fig. 6C and D  respectively) . This is in the same region as that of the m11 cDNA (Fig. 6B) . YAC 78g5 hybridizes to this site, a second site on the X and to chromosome 15, whereas YAC 82h2 hybridizes to the XF1-3 site as well as chromosome 7 (data not shown). The most likely explanation for these results is that 78g5 and 82h2 are chimeric YACs, since they each label different autosomes and chimerism is a common feature of such clones. A single X-linked location for all the Ott genes is supported further by Southern analysis of male and female mouse DNA. Every hybridizing band on an EcoRI digest of genomic DNA probed with m11 cDNA is more intense in females compared with males (data not shown).
DISCUSSION
RT-PCR analysis has allowed the identification of one cDNA clone (b096) with a stringently testis-specific pattern of expression and one (d030) which is expressed at a detectable level only in testis and embryonic ovary ( Table 2 ). The RT-PCR was performed at a sufficiently sensitive level to measure lower levels of expression than northern blot analysis, but would not have been able to detect the very low levels of illegitimate or ectopic transcription which may occur universally (28) . However, the fact that expression of a synaptonemal complex protein gene, Sycp1, is detectable in adult brain where it is unlikely to have functional activity illustrates that caution is required. Nevertheless, the validity of this approach is confirmed by the identification of two novel clones with highly restricted expression patterns in the mouse.
The most likely explanation for the lack of expression of Ott genes in sex-reversed mice (Fig. 1B) is that functional expression of these genes is germ cell-specific. It is also possible, however, that the lack of germ cells could affect gene expression in neighbouring somatic cells such as the Sertoli cell. Using germ-Sertoli cell co-culture, it has been shown that follicle-stimulating hormone (FSH) stimulation of Sertoli cells results in increased synthesis of germ cell RNA (reviewed in 29). In this respect, the Ott genes show an interesting pattern of expression during development of the testis (Fig. 2) . The first round of meiosis is distinct from subsequent cycles because the supporting Sertoli cells are learning to communicate with the expanding germ cell population. The functional and morphological changes which happen to the Sertoli cells during this time are hormonally modulated. It is possible that transcription of the two size classes of Ott mRNA in the testis is hormonally controlled, as levels of testosterone rise as FSH levels decline once the testis nears full development.
It is not yet clear whether the two sizes of mRNA are transcribed from the same or different genes, or whether differential splicing or promoter usage together with use of a different polyadenylation site is responsible for the smaller mRNA. The use of different polyadenylation sites may reflect translational control of Ott gene expression. The site I sequence AUUAAA is the most common variant in vertebrate mRNAs and also has the highest polyadenylation efficiency of all variants tested in vitro, ∼80% of AAUAAA (30) . The mouse testis-specific form of the c-abl mRNA also shows alternative polyadenylation without an AAUAAA sequence (31) . This alternative polyadenylation site is specific for the haploid stage of spermatogenesis, a result which could also apply to Ott site I, as mRNA using this site is first detectable in 28-day-old animals ( Fig. 2) .
Another intriguing aspect of the expression studies is that the Ott genes are X-linked (Fig. 6) . During male meiosis, the sex chromosomes are condensed into the XY body, which by [ 3 H]uridine incorporation studies is transcriptionally inactive (reviewed in 5). In agreement with this, splicing components are largely excluded from the XY body in male meiotic nuclei (32) . Ott RNA is detectable throughout the time of formation of the XY body, but this could be due to the stability of existing transcripts rather than active transcription. Spermatogenic cells have several methods to ensure the availability of products normally encoded by the X chromosome. In the case of the X-linked HPRT gene the germ cell copes with X inactivation by stabilization of gene products. HPRT transcript levels decrease only 5-to 10-fold over a period of 13 days during meiotic prophase in the testis (33) , so if transcription ceases the HPRT message must be very stable.
The predicted OTT polypeptides are highly hydrophilic, with the ak27 protein having an isoelectric point of 10.9. The unusual eight amino acid repeats and the fact that the large and small transcripts are predicted to encode different sized polypeptides suggest a structural rather than enzymatic role for at least the repetitive domain of the OTT proteins. We will investigate this hypothesis by the production of antibodies and by identification of interacting proteins through the 'two-hybrid' system. It is also possible that sequencing projects in other organisms will reveal a homologous gene, although not all mammalian meiotic genes will necessarily have homologues in organisms such as Caenorhabditis elegans, Drosophila or S.cerevisiae.
Ott primers can amplify a repeat-containing region of >500 bp from genomic DNA, suggesting that the entire repetitive region may be contained on a single exon. The minimum size of this exon is greater than the average size of a vertebrate exon derived from either sequence analysis (137 bases) (34) or exon trapping of mouse genomic DNA (165 bases) (35) . However, all Ott genes contain at least one intron, as primers F717/8, which bind 3′ of the repeat region (Fig. 3) , do not amplify genomic DNA. It is likely that there has been an expansion of the number of repeats over time, possibly as a result of unequal crossing over events. It will be interesting to analyse the sequences of Ott genes from other species and to determine whether it is a multigene family in all species. Database searches with full-length Ott cDNA ak27 (Fig. 4) show that the only good similarity (78% identity in 138 bp with no gaps) at the DNA level is to a region of mouse genomic DNA immunoselected as a retinoic acid response element (RARE) (36) . This DNA (accession no. x70189) has a complex highly repetitive structure and the similarity may not be biologically relevant, particularly since the experimental procedure favoured the recovery of non-functional multimeric rather than classical RARE motifs (36) . It is, however, possible that this sequence could be derived from a degenerate Ott family member.
Ohno's law states that loci that map to the mouse X chromosome also exhibit X linkage in man. Weak signals are detectable on human genomic DNA hybridized at low stringency with a mouse Ott cDNA (data not shown). However, it is difficult to predict which region of the human X chromosome might contain an Ott homologue. The man-mouse comparative map of this chromosome is composed of a minimum of eight well characterized blocks of homologous loci (37) , but the synteny around 62-63 cM is complex, with human homologues present from bands Xp11, Xq22 and Xp22. No mouse mutant with a phenotype of affected reproductive organs and sterility maps near the Ott region of the mouse X chromosome. XO mice, unlike comparable human females, are fertile but have reduced numbers of germ cells and a shortened period of fertility. The germ cell loss may be due partly to inadequate dosage of X-encoded gene products during meiosis; therefore, the Ott genes may be among the candidates for this effect. Further analysis of the expression of this gene family and the cellular location and function of the encoded proteins should provide valuable information about the process of meiosis in mammals. Furthermore, the identification of a human homologue will provide a candidate locus which may be mutated in a proportion of infertile individuals.
MATERIALS AND METHODS
RNA isolation and RT-PCR
Total RNA and poly(A)-containing RNA were isolated from tissues of Swiss mice as described (8) . Poly(A)-containing RNA was also extracted directly from solid tissue with detergent and guanidinium thiocyanate by hybridization with Dynabeads oligo(dT)25 using a protocol provided by the manufacturer (Dynal). The embryo ovary sample was from a pool of eight 18.5 day post-coital females and the embryo testis sample from two 18.5 day post-coital males from the same mother. First strand cDNA primed with oligo(dT) was made by reverse transcription of poly(A) + RNA using a Superscript kit and protocols provided by the manufacturer (Gibco BRL). A reaction mix was made and all RNA samples described in Table 2 were reverse transcribed in the same experiment. As a control for DNA contamination, reverse transcriptase (RT) was omitted from at least one sample in each reaction. Pairs of oligonucleotides for RT-PCR were designed using the PRIMER program (38) and have a GC clamp of two bases at the 3′ end. RT-PCR used a standard set of PCR conditions (denaturation 94_C 30 s, annealing 50_C 45 s, elongation 72_C 1 min plus 1 s each cycle, for 30 cycles) with 2 U of Taq polymerase (Cetus) and 1 µl of first strand cDNA reaction as template, in a final volume of 50 µl. In all cases, primers were at a final concentration of 125 nM. RT samples were assayed in the presence and absence of the control primers 5′ AGGAGCGATTTGCTGGTGTGGA and 5′ GCTACCAGGC-CTTTGAGATGGA which amplify the cDNA for the S16 ribosomal protein to give a 102 bp product (39) . Reaction products were analysed by electrophoresis through a 2% gel made from a 1:1 mixture of Nusieve (FMC) and multipurpose agarose (Flowgen), stained with ethidium bromide and photographed on Tmax 100 film (Kodak). Northern blotting was as described (8) . The S16 loading control probe was prepared by gel purification of the PCR product from RT-PCR with the above S16 primers and detects a 0.65 kb mRNA (40) . Primer extension used kinase-labelled oligo I725 (5′ CGCCATCACTTTGCCACCT-CC) and standard procedures (41) .
DNA sequence analysis and database searches
Insert cDNAs from λ phage were sequenced using a solid-phase PCR-based method as described (8) , except that a manual procedure using [ 35 S]dATP and Sequenase 2.0 (USB) was also followed. In most cases, Ott cDNAs were sequenced on both strands to confirm base differences. Contigs were produced using the program GelAssemble within the GCG software package (42) at the MRC Human Genome Mapping Project Resource Centre. Sequences have been deposited in the EMBL database with the accession numbers shown in Table 1 and Figure 3 . Sequences were compared with the NBRF protein database using the program BLASTX (43) and with the EMBL DNA database using the program BLASTN (44) . Additional cDNA clones were obtained by standard methods of screening duplicate plaque lifts of λ libraries (41) using Hybond-N membranes (Amersham). The cDNA libraries were from 12/13 day mouse testis (8) and adult mouse testis (Stratagene and A. Klink, pers. comm.). Hybridization probes were made from PCR products of the cDNA clone of interest, and primary positive signals were verified by PCR before plaque purification.
YAC isolation
DNA pools of a yeast artificial chromosome (YAC) library from a female C57BL/6J mouse (Research Genetics) were screened by PCR with primers G322 (5′ GCAGTTAGGCTTCAACATGGC) and G364 (5′ TTTCTTCCTCTTGGACCATGG). PCR used standard conditions (see above) with an annealing temperature of 53_C and 30 cycles. Twenty of the 25 pools gave one or more products. Pools with four different patterns of PCR products were chosen and individual YAC clones obtained. Growth of yeast cells, pulsed-field gel electrophoresis and isolation of YAC DNA followed standard procedures. Clone 20c4 contains a visible YAC of 450 kb, 100a4 is 500 kb, 78g5 is 650 kb and 82h2 is 500 kb.
